shape, while spermatogonia and spermatocytes contain UK spectrin-rich structures known as fusomes, which are linear and branched in appearance ( Figure 2C ). UASdpp/ϩ; nos-GAL4/ϩ (UAS-dpp) testes contained similar Summary numbers of spectrosome-containing cells to wild-type testes but many more fusome-containing cells, as The continuous and steady supply of transient cell types
transheterozygous for a temperature-sensitive combination of dpp alleles-dpp hr27/hr56 [18] that had been raised at 18ЊC and shifted to the restrictive temperature of 29ЊC upon eclosion. After 7 days, the testes of such animals did not exhibit any overt morphological abnormalities and contained germ cells in all stages and in quantities indistinguishable from controls (data not shown). Similar experiments were undertaken with a transheterozygous combination of temperature-sensitive alleles of punt. Adult males of the genotype put 135/10460 were moved to the restrictive temperature of 29ЊC after eclosion. After 7 days, their testes were smaller and thinner than controls Given that gbb is expressed in the region where GSC and spermatogonial proliferation take place, we tested trast, overexpression of brinker (brk), a transcriptional whether loss of function of gbb has any effect on germ repressor of many Dpp target genes [ Figure 4C ). Similar phenotarget genes [16] ) were generated but did not persist to types were observed in gbb 4/4 males. We were able to the same extent as wild-type clones, as evidenced by rescue these phenotypes by ectopically expressing gbb assessing the ratio of the number of testes containing in a gbb 4/4 mutant background using nos GAL4 (Figure at least one germ line clone to the number of testes 4F), thus confirming that these phenotypes are indeed containing wild-type control clones ( Figures 3A, 3B, 3D , due to a reduction in wild-type gbb function. and 3E; Table 1 ; see supplemental experimental proceCyst cells outside the germinal proliferation center do dures for a detailed description of clonal analysis experinot express gbb, implying that the cessation of proliferaments). Sporadically (approximately 4% of cases), cysts tion of spermatogonia may be directly linked to the loss containing eight, rather than 16, spermatocytes were of gbb activity. We investigated the effects of overexobserved, implying that the fourth spermatogonial divipressing gbb using nos-GAL4 or the hub and early cyst sion had not been complete ( Figure 3C ). Such a scenario cell-specific driver patched-GAL4 (our unpublished might have arisen due to the transient persistence of data). Surprisingly, none of these drivers yielded a pheTkv, Mad, or Put protein after the respective wild-type notype resembling that produced when dpp or tkv* is allele was lost. Together, these clonal analysis data sugoverexpressed. gest that TGF-␤ signaling is required for both germ line This could be because Gbb is a less potent ligand stem cell maintenance and spermatogonial proliferation.
than Dpp or that Gbb is posttranscriptionally regulated. We did not find a requirement for schnurri (shn) [17] , Consistent with these notions are previous observations the product of which is frequently required in Dpp signalregarding the relative potency of the two ligands in oring, in the germ line for these processes (Table 1) . chestrating growth and patterning in imaginal discs [22, 23] whereas overexpression of Gbb alone may not be suffi-TGF-␤ Signaling Represses the Activity of the bags of marbles Gene, Which cient to achieve a gain of function effect.
In an interesting parallel, a mouse ortholog of Gbb, is Required for Germ Cell Differentiation We next explored the mechanisms by which Gbb might BMP8b, has been shown to be required for the survival and proliferation of primordial germ cells in males [ feration of spermatogonia-like cells, but not GSCs [28] spermatogonia, those farthest away from the apical hub, which are about to cease mitosis and differentiate into ( Figure 5G) .
It has been reported that cytoplasmic Bam (Bam-C) spermatocytes ( Figure 5A ). In a previous study, overexpression of bam using a heat-shock-bam transgene was is expressed in 2-to 16-cell spermatogonia, but not in GSCs, gonialblasts, or spermatocytes [28, 2] . We found shown to be sufficient to eliminate germ line stem cells in the ovary, but not in the testis [29] . However, since it that Bam-C levels appear to be highest in late-stage Germ line clones (either spermatocytes or germ line stem cells GSCs) homozygous mutant (GFP Ϫ/Ϫ ) and homozygous wild-type (GFP ϩ/ϩ ) for TGF-␤ pathway components were scored either 2, 5, or 9 days after clone induction. Fractions indicate the number of testes containing at least one clone out of the total number of testes analyzed. tkv, mad, and put spermatocyte clones (GFP Ϫ/Ϫ ) do not persist to the same extent as their wild-type counterparts (GFP ϩ/ϩ ) and are therefore required in the germ line for germ cell proliferation whilst shn is not. GSCs mutant for tkv and put are generated and persist for 2 days but do not persist to the same extent as wild-type animals 9 days after clone induction. ND, not determined. See supplemental experimental procedures for full details of clonal analysis experiments. is not possible to achieve sustained, high-level, targeted bam loss of function phenotypes suggests that TGF-␤ signaling might act to repress bam activity. We examoverexpression with a heat-shock transgene, this analysis does not exclude a similar activity for Bam in the ined testes in which clones of cells expressing tkv* had been generated and found that such clones did not germ line of both sexes. By driving sustained, high-level overexpression of bam in GSCs and spermatogonia usexpress Bam-C even though they overproliferated (Figures 5D-5F ). It is therefore possible that TGF-␤ signaling ing nos-GAL4, we found that testes of such animals resemble UAS-dad testes, being dramatically reduced in might promote germ cell proliferation by repressing the activity of Bam, thus preventing premature differentiasize ( Figure 5B The similarity between the TGF-␤ gain of function and cells resembling spermatogonia (Figures 5G and 5H ). 
